A novel nutrient sensing mechanism underlies substrate-induced regulation of monocarboxylate transporter-1. Am J Physiol Gastrointest Liver Physiol 303: G1126 -G1133, 2012. First published September 12, 2012 doi:10.1152/ajpgi.00308.2012.-Monocarboxylate transporter isoform-1 (MCT1) plays an important role in the absorption of short-chain fatty acids (SCFAs) in the colon. Butyrate, a major SCFA, serves as the primary energy source for the colonic mucosa, maintains epithelial integrity, and ameliorates intestinal inflammation. Previous studies have shown substrate (butyrate)-induced upregulation of MCT1 expression and function via transcriptional mechanisms. The present studies provide evidence that shortterm MCT1 regulation by substrates could be mediated via a novel nutrient sensing mechanism. Short-term regulation of MCT1 by butyrate was examined in vitro in human intestinal C2BBe1 and rat intestinal IEC-6 cells and ex vivo in rat intestinal mucosa. Effects of pectin feeding on MCT1, in vivo, were determined in rat model. Butyrate treatment (30 -120 min) of C2BBe1 cells increased MCT1 function {p-(chloromercuri) benzene sulfonate (PCMBS)-sensitive [ 14 C]butyrate uptake} in a pertussis toxin-sensitive manner. The effects were associated with decreased intracellular cAMP levels, increased V max of butyrate uptake, and GPR109A-dependent increase in apical membrane MCT1 level. Nicotinic acid, an agonist for the SCFA receptor GPR109A, also increased MCT1 function and decreased intracellular cAMP. Pectin feeding increased apical membrane MCT1 levels and nicotinate-induced transepithelial butyrate flux in rat colon. Our data provide strong evidence for substrateinduced enhancement of MCT1 surface expression and function via a novel nutrient sensing mechanism involving GPR109A as a SCFA sensor. SCFA absorption; cyclic AMP; GPR109A SHORT-CHAIN FATTY ACIDS (SCFAs) acetate, propionate, and butyrate are produced in the colonic lumen by bacterial fermentation of dietary fiber. Of these SCFAs, butyrate plays a prominent role to serve as primary fuel for the colonocytes, and its oxidation is critical to various important metabolic processes in the colon (7). It is believed that a major consequence of reduction in intracellular SCFA oxidation results in metabolic starvation and mucosal atrophy (7). Besides its role as energy nutrient, butyrate is also vital in maintaining health and integrity of colonic mucosa by virtue of its multiple beneficial effects (4, 12, 22), such as its ability to improve barrier function and ameliorate intestinal inflammation. However, the ability of butyrate to exert many of these cellular effects is concentration dependent and the absorption of luminal butyrate is critical for the health benefits it confers to the intestinal mucosa (33, 34).
SCFA absorption; cyclic AMP; GPR109A SHORT-CHAIN FATTY ACIDS (SCFAs) acetate, propionate, and butyrate are produced in the colonic lumen by bacterial fermentation of dietary fiber. Of these SCFAs, butyrate plays a prominent role to serve as primary fuel for the colonocytes, and its oxidation is critical to various important metabolic processes in the colon (7) . It is believed that a major consequence of reduction in intracellular SCFA oxidation results in metabolic starvation and mucosal atrophy (7) . Besides its role as energy nutrient, butyrate is also vital in maintaining health and integrity of colonic mucosa by virtue of its multiple beneficial effects (4, 12, 22) , such as its ability to improve barrier function and ameliorate intestinal inflammation. However, the ability of butyrate to exert many of these cellular effects is concentration dependent and the absorption of luminal butyrate is critical for the health benefits it confers to the intestinal mucosa (33, 34) .
We and others have shown that monocarboxylate transporter-1 (MCT1) plays an important role in the absorption of luminal SCFAs by the colonocytes (11, 28) . Despite controversies regarding apical versus basolateral localization of MCT1 in various species (9, 14) , recent studies utilizing specific inhibitors of MCT1 have established its role in luminal SCFA absorption. Its importance in luminal butyrate absorption has also been emphasized in recent studies demonstrating downregulation of MCT1 in diseases involving decreased SCFA absorption and metabolism (33, 34) .
Besides the intracellular effects, recent discovery of G protein-coupled receptors for SCFAs suggested that multiple effects of SCFAs in various tissues might also be mediated extracellularly via activation of the receptors without entering into the cells (3, 18) . Sensing of SCFAs in different tissues may be mediated by GPCRs, GPR41, and GPR43, which have been identified as SCFA receptors by the agonist's selectivity in gene-transfected mammalian cells (3, 18) . GPR41 is abundantly expressed in adipose tissues, whereas GPR43 is predominantly expressed in immune cells (3, 18) . Recently, the localization of both GPR43 and GPR41 on L-type enteroendocrine cells in rat colon has been demonstrated (31) . However, whether SCFA effects on various colonic epithelial functions are mediated by the GPCR activation remains to be elucidated. On the other hand, recent studies provided evidence that butyrate may elicit effects on colonocyte functions extracellularly by serving as a ligand for GPR109A (also known as PUMA-G in mice and HM74A in humans), a receptor for nicotinate (niacin) (20, 26) , which was recently shown to be activated by SCFAs (32) . GPR109A is abundantly expressed in the lumen-facing apical membrane of colonocytes, supporting its potential to serve as a luminal SCFA sensor (32) .
Functional activity of intestinal transporters may undergo modulation via specific sensing of luminal nutrients. This has been best described for the intestinal sugar transporter Glut2 in rat intestine that has basolateral localization but is recruited to apical membrane in response to higher levels of luminal sugar following a meal (15, 16, 21) . However, despite the fact that colonic luminal SCFA levels vary significantly depending upon diet, gut microbial composition, and disease state, it is not known whether MCT1 may be regulated via luminal SCFA sensing. In this report, we provide evidence that membrane polarity of MCT1 and its functionality to transport luminal SCFAs could be modulated via nutrient-sensing mechanisms causing potential translocation of MCT1 to the apical membrane domains in the presence of higher luminal SCFA levels. Furthermore, our results also led us to speculate GPR109A as the candidate SCFA sensor mediating the effects of SCFA substrates on membrane localization and function of MCT1.
MATERIALS AND METHODS
Cell lines and cell culture. C2BBe1 cells, a subclone of the Caco-2 cell line, were grown at 37°C in an atmosphere of 5% CO 2, and maintained in DMEM supplemented with 10% FCS, 50 U/ml penicillin, 5 g/ml streptomycin, 10 g/ml transferrin, and 2 mM glutamine. IEC-6 cells, a nontransformed rat intestinal cell line, were maintained in DMEM with 4.5 g/l glucose, 50 U/ml penicillin, 5 g/ml streptomycin, 2 g/ml gentamicin, and 10% FBS. MCT1 function ([ 14 C]butyrate uptake) was measured in fully differentiated C2BBe1 (14-day postplating) or IEC-6 (10-day postplating) cells grown on 24- Cell surface biotinylation and immunoblotting. Cell surface biotinylation was performed using sulfo-NHS-SS-biotin (Thermo Scientific, Rockford, IL) (0.5 g/l) in borate buffer (in mmol/l: 154 NaCl, 7.2 KCl, 1.8 CaCl 2, 10 H3BO3, pH 9.0) as previously described (8) . Labeling was allowed to proceed for 60 min at 4°C to prevent endocytosis and internalization of antigens. After immunoprecipitation of biotinylated antigens with streptavidin agarose, biotinylated proteins were released by boiling in Laemmli buffer containing dithiothreitol, subjected to SDS-PAGE, and then probed with anti-MCT1 antibody (Santa Cruz Biotechnology, Santa Cruz, CA). The surface MCT1 was compared with total cellular MCT1 as determined by immunoblotting of the solubilized cell extract.
siRNA silencing of GPR109A. siRNA for human GPR109A (cat. no. SI03060085) and scrambled siRNA were obtained commercially from Qiagen Sciences (Germantown, MD), and transfection of cells (1 ϫ 10 5 cells per well in 6-well plates) was performed following the manufacturer's protocol. Forty-eight hours after transfection, cells were treated with butyrate for 1-2 h, and cell surface MCT1 levels were assessed by cell surface biotinylation. The extent of GPR109A silencing was assessed by measuring GPR109A levels in the cell lysates by immunoblotting with anti-GPR109A antibody (a kind gift from Dr. V. Ganapathy from the Medical College of Georgia, Augusta, GA).
Immunofluorescence staining in C2BBe1 cells. C2BBe1 cells were transiently transfected with the MCT1-green fluorescent protein (GFP) fusion construct in pEGFPN (Invitrogen, Carlsbad, CA) and were plated on transwell inserts at a density of 1 ϫ 10 4 . Forty-eight hours posttransfection, cells were treated with butyrate (10 mM) for 1 h from the apical side. During the last 10 min of incubation with butyrate, cells were labeled with 1 mg/ml fluorescent wheat germ agglutinin-Alexa Fluor 594 conjugate in standard buffer (PBS), washed, and fixed with 2% paraformaldehyde for 10 min. After being mounted under coverslip, the cells were visualized utilizing Carl Zeiss LSM 510 laser scanning confocal microscope equipped with a ϫ63 water-immersion objective. Green and red fluorescence emissions were detected through LP485 and 585 filters, respectively. The two different fluorochromes were scanned sequentially by using the multitracking function to avoid any bleed through among these fluorescent dyes.
Rats and pectin feeding experiments. All animal studies were conducted with prior approval of the protocols by the Institutional Animal Care and Use Committee of the University of Illinois and Jesse Brown VA Medical Center, Chicago. Male Sprague-Dawley rats (4 -6 wk old) procured from Jackson Laboratory were divided into a control group (n ϭ 10) and a pectin-fed group (n ϭ 10). The two groups were fed a fiber-free diet or pectin (6%) diet, respectively, as described previously (24) . Rats were killed at the 7th and the 14th day. Colonic mucosa stripped off the muscle layer was used immediately to measure transepithelial butyrate flux in the Ussing chamber. Colonic tissues from pectin or fiber-free diet fed rats were also frozen in OCT medium (Sakura Finetek, Torrance, CA) and 5-M sections were cut using a cryostat to be utilized for immunofluorescence studies.
Measurement of transepithelial flux of butyrate. MCT1 function in rat colonic mucosa ex vivo was determined by measuring transepithelial flux of [
14 C]butyrate in the Ussing chamber under open-circuit conditions without clamping the voltage and in the presence or absence of pCMBS (1 mM). The intestine was stripped off the muscle layer, mounted in the Ussing chamber so that the mucosal sheets are exposed on each side to the Kreb's solution (in mmol/l: 0.4 KH 2PO4, 2.4 K2HPO4, 115 NaCl, 25 NaHCO3, 1.2 CaCl2, 1.2 MgCl2, 10 mannitol). Solutions were continuously gassed throughout the experiment with 95% O2/5% CO2. After incubating with [
14 C]butyrate for 30 min, aliquots were collected from the serosal reservoir to measure the radioactivity in a liquid scintillation counter and to calculate mucosal to serosal (J m-s) flux rates. Inhibitor (pCMBS)-sensitive flux was considered to represent MCT1-mediated butyrate uptake.
Immunofluorescence staining in rat colonic tissues. Sections of colonic tissues from rats fed pectin or fiber-free diet were snap frozen in optimal cutting temperature embedding medium (Tissue-Tek OCT compound; Sakura). For immunostaining, 5-M frozen sections were fixed with 1% paraformaldehyde in PBS for 10 min at room temperature. Fixed sections were washed in PBS, permeabilized with 5% NP-40 for 5 min, and blocked with 5% normal goat serum (NGS) for 30 min. Tissues were incubated with MCT1 antibody (1:1,500 AB1286; Chemicon, Temecula, CA) in PBS with 1% NGS for 90 min at room temperature. After washing, sections were incubated with Alexa Fluor 594-conjugated goat anti-rabbit IgG, Alexa Fluor 488-conjugated phalloidin (5 U/ml; Invitrogen) and Hoechst 33342 (Invitrogen) for 60 min. Sections were then washed and mounted under coverslips using ProLong Gold antifade reagent (Invitrogen). Sections were imaged using Carl Zeiss LSM 510 laser scanning confocal microscope equipped with ϫ20 water immersion objective.
Statistical analysis. All experiments were performed in triplicate on 4 -5 separate sets. Experiments with animals were replicated using tissues from different animals. Data were analyzed by ANOVA using GraphPad Prism software. Results shown are means Ϯ SE, P Ͻ 0.05 was considered statistically significant.
RESULTS

Short-term butyrate treatment enhances MCT1 function in
C2BBe1 and IEC-6 cells. Mechanisms underlying upregulation of MCT1 expression and function in vitro in response to long-term treatments with butyrate have been shown in earlier studies (1, 2) . Our present set of initial studies examined the short-term effects of butyrate treatment on MCT1 function, as measured by pCMBS-sensitive [
14 C]butyrate uptake in human intestinal C2BBe1 and rat intestinal IEC-6 cells. Results showed that short-term (30 -120 min) incubation with butyrate (10 mM) significantly enhanced MCT1 function in C2BBe1 (Fig. 1A ) and IEC-6 (Fig. 1B) cells.
Butyrate enhancement of MCT1 function is associated with decreased cAMP and is pertussis toxin sensitive. Recent reports showed that SCFAs might exert their effects acting extracellularly via GPCR activation (3, 18) . To examine whether short-term effects of butyrate on MCT1 function are GPCR mediated, we sought to investigate the role of cAMP signaling in mediating these effects. Previous studies also reported altered cAMP signaling in mediating short-term effects of butyrate on intestinal secretory functions (27) . Initially, we measured intracellular cAMP levels in response to 10 mM butyrate that enhanced MCT1 function in C2BBe1 cells ( (Fig. 1E), suggesting Values are means Ϯ SE; n ϭ 3. Kinetic parameters were analyzed by regression analysis using GraphPad Prism software. MCT1, monocarboxylate transporter 1; pCMBS, p-chloromercuribenzene sulfonate. *P Ͻ 0.05. highly expressed on the apical surface of colonic mucosa and activated by SCFA (5, 32) . We have shown the expression of GPR109A in C2BBe1 and IEC-6 cells ( Fig. 2A) . Since butyrate enhancement of MCT1 function is accompanied by decreased intracellular cAMP (Fig. 1C) , we sought to examine whether GPR109A could act as a potential SCFA sensor and butyrate effects on MCT1 function is secondary to activation of GPR109A. Therefore, we examined the effects of the GPR109A agonist nicotinate, which has higher affinity for the receptor compared with butyrate, on MCT1 function and intracellular cAMP. Our results showed that, compared with butyrate (10 mM), 10-fold lower concentration (100 M) of nicotinate enhanced MCT1 function (Fig.  2B ) and decreased cAMP levels (Fig. 2C ) in a time-dependent manner.
Butyrate increases V max of MCT1-mediated butyrate uptake and induces GPR109A-dependent increase in cell surface MCT1. To examine the mechanisms of butyrate enhancement of MCT1 function, we performed kinetic analysis of the butyrate effects. Effects of 10 mM butyrate on pCMBSsensitive [
14 C]butyrate uptake were measured at different substrate concentrations (0.5 mM-15 mM), and kinetic parameters K m and V max were calculated. As shown in Table 1 , butyrate increases V max of MCT1-mediated butyrate uptake without altering the K m . Increased V max implies that butyrate treatment increases MCT1 levels at the cell surface. We next utilized cell surface biotinylation to measure apical membrane levels of MCT1 in response to butyrate treatment. Consistent with increased function, butyrate treatment (10 mM, 1 and 2 h) significantly increased apical membrane MCT1 levels (Fig. 3A) . To examine the role of GPR109A in mediating these effects, we assessed butyrate-induced membrane targeting of MCT1 in cells following siRNA silencing of GPR109A. As shown in Fig. 3B , GPR109A protein was significantly reduced by 48 h after siRNA transfection. Furthermore, in GPR109A-silenced cells, butyrate treatment did not alter MCT1 abundance in the apical membrane (Fig. 3C) . Butyrate-induced membrane targeting of MCT1 is further supported by our confocal immunofluorescence studies (Fig. 3D) showing increased intensity of GFP at the cell surface of MCT1-GFP overexpressing C2BBe1 cells treated with 10 mM butyrate for 1 h.
Nicotinate stimulates mucosal to serosal (J m-s ) flux of 14 C butyrate in the colon of pectin-fed rats. To assess the in vivo effects of SCFA substrates on MCT1 activity, we utilized a rat model of feeding pectin (a soluble fiber) or a fiber-free diet. Transepithelial flux of [ 14 C]butyrate in colonic mucosa of rats fed pectin versus fiber-free diet for 7 or 14 days was measured in Ussing chambers. Additionally, to assess the role of GPR109A in mediating substrate-induced enhancement of MCT1 function, we measured transepithelial flux of [ 14 C]butyrate in response to short-term treatment of the mucosa with nicotinate. Nicotinate, instead of butyrate, was used for two reasons: 1) to avoid the complicacy that might arise in measuring [ 14 C]butyrate flux in the presence of high concentrations (10 mM) of cold butyrate and 2) for nicotinate being more potent agonist for GPR109A. As shown in Fig. 4A , mucosal-to-serosal (J m-s ) flux of [ 14 C]butyrate was significantly higher in pectin-fed rats compared with those on fiberfree diet. The effect was more pronounced at 14th day, compared with 7th day of pectin feeding. On the other hand, the GPR109A agonist nicotinate treatment (100 M, 1 h) increased butyrate flux in the colonic mucosa of both the fiberfree group and the pectin group, although the effect was more pronounced in the later (Fig. 4B) .
Pectin feeding increases MCT1 expression and apical membrane levels in rat colon. We also compared the MCT1 abundance and its apical membrane levels in the colonic tissues of pectin diet or fiber-free diet fed rats, as evaluated by confocal microscopy. Consistent with an earlier report (17) , pectin feeding in our studies also increased MCT1 (red) abundance as well as its apical membrane levels compared with fiber-free diet (Fig. 5) .
DISCUSSION
Our present findings implicate the role of a novel luminal nutrient sensing mechanism in modulating the activity of MCT1, and thereby absorption of SCFAs, by the colonocytes. SCFAs are produced in the colonic lumen via the action of specific gut microbiota on dietary fiber. Of the SCFAs, butyrate has a prominent role at the colonic level as it is the primary fuel for the colonocytes and its oxidation is involved in various important metabolic processes in the colon (7). Since MCT1 plays an important role in the absorption of butyrate anions produced in the colonic lumen (10, 11, 28) , its regulation has major impact on colonic epithelial health. We and others have earlier demonstrated that long-term exposure of intestinal epithelial cells to SCFA substrates enhances MCT1 expression and function (2, 6) via NF-B-dependent transcriptional mechanisms (2). Our present in vitro studies in human intestinal C2BBe1 and rat intestinal IEC-6 cells showed that butyrate enhances MCT1 function as early as 30 min, indicating the role of butyrate-induced rapid signaling events in mediating these effects. These results further implicate that butyrate elicits these effects extracellularly by activating sensors/receptors on the cell surface. Regulation of transporter function via specific sensing of luminal nutrient substrates has been described for the intestinal sugar transporter Glut2 (16, 21) , the peptide transporter PEPT1 (23) , and, recently, also for the intestinal iron transporters DMT1 and ferroporin 1 (25) . However, the underlying mechanisms and pathways are not fully understood. Our present findings implicating regulation of the colonic SCFA transporter MCT1 via nutrient sensing are of considerable interest because, despite the fact that colonic luminal SCFA levels vary significantly depending upon dietary composition, gut microbiota, and disease, a SCFA-sensing mechanism regulating colonic luminal SCFA absorption has not been described previously. In recent years, the importance of cell surface receptors in nutrient sensing has increasingly been recognized (21, 29) . For example, recent discovery of the expression of T1R sweet taste receptor families on the apical membranes of enterocytes suggested that activities of these receptors might underlie the mechanisms of enhanced glucose absorption via increased apical membrane insertion of Glut2 after a meal (21) . Recently, the GPCR deorphanizing strategy (13) has successfully identified GPR41 and GPR43 as receptors for SCFAs. GPR41 is mainly expressed in the adipocytes, whereas GPR43 expression has been localized primarily in the immune cells (3, 18) . Although recent studies showed that GPR41/GPR43 are expressed in L-type enteroendocrine cells of the colon (31) , their expression and role in absorptive colonic epithelial cells have not been demonstrated. Therefore, GPR41 and GPR43 are less likely to play the role of sensors for luminally produced SCFAs. On the other hand, GPR109A, the receptor for nicotinic acid, which is highly expressed and localized to the luminal membranes of colonocytes, has been shown to be activated by butyrate (32) . Our results also demonstrated expression of GPR109A in C2BBe1 and IEC-6 cells. GPR109A is a GPCR linked to G ␣i family proteins and upon activation leads to decreased intracellular cAMP levels. Our results also showed that butyrate-induced enhancement of MCT1 function is accompanied by a concomitant decrease in intracellular cAMP, whereas the cAMP agonists forskolin and dibutyryl cAMP inhibits MCT1 function. Nicotinate, the potent GPR109A agonist, stimulates the receptor at much lower concentrations compared with butyrate (32) . Interestingly, our results showed that 100 M nicotinate, compared with 10 mM butyrate, produced similar effects of enhancing MCT1 function and decreasing intracellular cAMP. These results further suggest that butyrate effects on MCT1 could be secondary to GPR109A activation. In adipocytes, nicotinate has been shown to stimulate adiponectin secretion via activation of GPR109A, and these effects were blocked when adipocytes were preexposed to PTX, an inhibitor of G ␣i proteins (19) . Consistently, we also found that butyrate enhancement of MCT1 function was blocked in the presence of PTX, presumably by inhibiting GPR109A activation-induced signaling events that stimulate MCT1 activity.
The short-term regulation of the activity of a transporter protein may involve alterations of its membrane abundance or changes in some kinetic properties such as substrate affinity, interaction with other molecules, or ion dependence (23) . Butyrate-induced activation of MCT1 function in polarized C2BBe1 cells was kinetically manifested by an increase in the V max , without altering the K m . Interestingly, earlier studies in rat brain endothelial cells showing cAMP agonist-induced inhibition of MCT1 function involved decrease in V max with no effects on K m (30) . On the other hand, butyrate inhibition of cAMP agonist-induced chloride secretion in intestinal epithelial cells was associated with decreased cAMP (27) . It appears that by modulating cAMP pathway, butyrate exerts opposite effects on ion absorptive and secretory processes, and both processes could involve activation of SCFA receptors. In our studies, increased V max suggests that butyrate-induced increase in the absorptive capacity of MCT1 was due to an increase in the apical membrane abundance of MCT1. In fact, our cell surface biotinylation and immmunofluorescence studies further supported that short-term treatment with butyrate increased apical membrane abundance of MCT1 with a resultant enhancement of its transport function, representing its regulation via nutrient-sensing as shown earlier for Glut2 (21) . Interestingly, butyrate had no effect on MCT1 targeting to the apical membrane in GPR109A-deficient cells, further confirming the role of this SCFA receptor in mediating the substrate-induced membrane targeting of MCT1.
Controversies exist regarding apical versus basolateral membrane localization of MCT1 and its role in the absorption of luminal SCFAs in various mammalian species. We and others have shown predominantly apical membrane localization of MCT1 in the intestine of human (9, 28) and other mammalian species (14) , whereas, few reports suggested basolateral localization in mice and human intestine (14) . In this regard, various recent studies have shown that membrane polarity of transporters may be modulated by the substrates and membrane insertion of transporters could be a quick adaptive response to the availability of nutrients for absorption and represent a mechanism of short-term nutrient sensing (16) .
A recent study demonstrated that pectin feeding increases the expression and function of MCT1 in rat small intestine and colon (17) . Furthermore, MCT1 abundance in the apical membranes of enterocytes and colonocytes increased substantially in pectin-fed rats, while in control rats MCT1 was predominantly localized to the basolateral membranes. Similar to this published report, our present in vivo studies also demonstrated increased expression of MCT1 as well as its increased abundance in the apical surface of the colonic mucosal sections from pectin-fed rats compared with those from rats on fiberfree diet. There was a parallel increase in MCT1 function in the pectin group. Furthermore, our ex vivo studies showing increased transepithelial flux of [ 14 C]butyrate in response to nicotinate, the GPR109A agonist, further support the role of GPR109A in mediating the effects of substrate-induced enhancement of MCT1 function in the native intestinal mucosa. Since GPR109A activation by nicotinate presumably causes a rapid mobilization of MCT1 to the apical membrane, we observed nicotinate-induced increase in butyrate flux in both the pectin group as well as the fiber-free group, although the effect was more pronounced in the former group. This could be due to a relatively greater rate of apical membrane insertion of MCT1 from a larger pool of total MCT1 expressed in pectinfed rats. The observed increase in the translocation of MCT1 to the absorptive luminal surface of colonic mucosa appears to be an adaptive response to ensure efficient absorption of the bulk of SCFAs resulting from pectin feeding. This adaptive response to dietary changes may also underlie the differential membrane polarity of MCT1 reported by various investigators in the colonic epithelium of different species.
In summary, our results suggest that exposure of the absorptive luminal surfaces of intestinal epithelial cells to higher levels of SCFA substrates triggers short-term nutrient sensing mechanisms to mobilize more MCT1 molecules for apical membrane insertion to enhance its capacity to absorb more SCFAs. Our results also suggest that GPR109A is seemingly the potential SCFA-sensor, which, upon activation by SCFAs, triggers signaling pathways leading to decreased intracellular cAMP. The decreased cAMP levels could directly or indirectly influence the downstream events that underlie the mechanisms of increased targeting of MCT1 to the apical membranes. Since luminal concentrations of SCFAs are readily amenable to modulation by diet, detailed characterization of the players and pathways of luminal SCFA sensing in our future studies should help identify novel targets for intervention in diseases associated with impaired SCFA absorption.
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